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57 ABSTRACT 
An improved method and apparatus is provided for 
sensing scene light and providing sampled image data in 
three colors in response thereto. The sampled image 
data is subsequently interpolated for the non-sampled 
colors and thereafter subtracted to provide two color 
difference signals. The two color difference signals, in 
turn, are each median filtered and subsequently recon 
structed in conjunction with the originally sampled 
image data to provide an image of the subject with 
substantially reduced color fringing. The median filter 
preferably filters color difference signals corresponding 
to a select number of image sensing elements separated 
with respect to each other by non-select image sensing 
elements. 

21 Claims, 3 Drawing Sheets 
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1. 

METHOD AND APPARATUS FOR 
RECONSTRUCTING MISSING COLOR SAMPLES 

FIELD OF THE INVENTION 

This invention relates generally to an improved appa 
ratus and method for sensing and interpolating image 
data and, more particularly, to an improved apparatus 
and method for sensing sampled image data and thereaf 
ter interpolating for the nonsampled image data in a 
manner that substantially reduces color fringing. It will 
be convenient to describe the invention more particu 
larly with respect to apparatus that detects and repro 
duces an image by means of three colors, the most 
widely used format for color imaging. 

BACKGROUND OF THE INVENTION 
Electronic imaging cameras for recording still images 

are well known in the art. Such cameras can record a 
plurality of still images on a single magnetic disk or tape 
in either analog or digital format for subsequent play 
back on any well-known cathode ray tube viewing 
device. Printers may also be utilized with such cameras 
in a well-known manner to provide hard copy of the 
recorded images. Such electronic imaging still cameras 
may utilize two-dimensional image sensing arrays such 
as charge coupled devices (CCD's) which integrate 
incident scene light over a predetermined time to pro 
vide an electronic information signal corresponding to 
the scene light intensity incident on the array. Such 
two-dimensional image sensing arrays comprise a pre 
determined number of discrete image sensing elements 
or pixels arranged in a two-dimensional array in which 
each image sensing element responds to incident illumi 
nation to provide an electronic information signal cor 
responding to the intensity of the incident illumination. 

In order to record color images, the illumination 
incident on the two-dimensional image sensing array is 
filtered so that different image sensing elements receive 
different colored illumination. The filters are arranged 
in well-known patterns across the face of the image 
sensing array, such as a repeating pattern of red, green 
and blue stripes. Alternatively, individual image sensing 
elements or pixels across each line may be filtered in a 
repeating pattern of red, green, blue, green filters, as is 
well known in the art. Since each image sensing element 
can only detect one color of illumination, the color 
information for the other colors not detected by that 
image sensing element must be filled in. Filling in the 
missing color information is generally accomplished by 
interpolating the detected image data for each color to 
determine color values for all the colors for each image 
sensing element. In particular, there results three groups 
of image sensing elements of which respective ones 
have measured values for one given color and an inter 
polated value for the other two colors. 

Conventional types of interpolation, however, can 
provide images with objectionable aliasing artifacts 
such as "color fringes' near sharp edges. The conven 
tional approach to solve this problem is to eliminate the 
color fringes at the expense of image sharpness by either 
blurring the picture or removing selected spacial fre 
quencies from the picture (antialiasing) so that edges do 
not create color fringes. Blurring the image in this man 
ner, however, has its obvious disadvantages resulting in 
a reduction in resolution and a so-called "fuzzy' pic 
ture. 
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2 
In my earlier U.S. Pat. No. 4,663,655, which issued on 

May 5, 1987, there is described a novel technique for 
providing the desired interpolated values. In this tech 
nique, there is first inserted for the missing values ap 
proximate values derived by simple linear interpolation 
in the usual fashion, and thereafter, the resulting values 
are used to derive a number of difference values for 
each of the pixels by subtracting the resulting values at 
different pairs of colors. These difference values are 
then passed through a simple linear median filter to 
reduce the color fringe artifacts described above, and 
then the various filtered differences are combined to 
reconstruct three color values at each pixel for use in 
the image scene reproduction. 
While this technique provides a considerable im 

provement, each color image signal processed requires 
a separate median filter of a relatively complex nature. 

Accordingly, it is desirable to eliminate color fringing 
artifacts in the aforementioned manner using fewer 
median filters of a less complex nature. 

SUMMARY OF THE INVENTION 

The present invention represents an improvement of 
the apparatus of my earlier invention primarily in the 
use of fewer median filters of a less complex nature. 

First, in the reproduction of a three-color image 
scene, there are used only two rather than three differ 
ence signals that require median filtering for removing 
the color fringe artifacts. The image may be satisfacto 
rily reconstructed, despite the elimination of one of the 
median filters previously used. This aspect of the inven 
tion is independent of the median filter used and thus 
may be embodied in apparatus using any median filter 
that replaces a sample with the median of neighboring 
samples. 

Second, the efficacy of the median filter used in the 
apparatus of this invention is, substantially, as depen 
dent on the spatial extent of the pixels used as it is on the 
number of pixels used, so that a linear median filter 
which is seven pixels wide but uses only three terms, the 
two end pixels and the center pixel whose value is to be 
replaced with the median value of the three pixels when 
combined with low pass filtering, is substantially as 
effective as an eleven-pixel wide eleven-term median 
filter. 

Moreover, for two-dimensional filtering in accor 
dance with my invention, there is employed an area 
median or two-dimensional filter which uses only nine 
pixels chosen from an area seven pixels wide and five 
pixels high. This filter when combined with two-dimen 
sional low pass filtering compares favorably with one 
that uses the entire array of thirty five pixels of the area. 
These improvements are similarly independent of the 
number of median filters used. 

In particular, an illustrative embodiment of the pres 
ent invention includes a conventional solid-state image 
sensing camera, including a CCD, in which a different 
one-third of the total number of pixels, or discrete sens 
ing elements, views the image scene in respective ones 
of three different wavelength ranges, or colors, and are 
provided with a measured signal value at each such 
pixel. There is next provided for each pixel an interpo 
lated signal value for each of its two unmeasured colors, 
equal to that of the measured range of wavelengths. 
Thereafter, there are derived for each pixel a first differ 
ence signal value that is a measure of the difference in 
intensity of its signal for one pair of colors and a second 
difference signal that is a measure of the difference in 
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intensity of its signal value for a different pair of colors. 
Thereafter, each of these two difference signal values is 
passed through a novel form of median filter. For one 
dimensional filtering, the filter is preferably seven ele 
ments wide but uses only the first, fourth and seventh 5 
elements to find the value to be substituted for the value 
of the fourth element. For two-dimensional filtering, 
the filter is preferably seven elements wide and five 
elements high but uses only nine of the elements to find 
the value to be substituted for the center element. 

Finally, from these two filtered difference signal val 
ues and the original measured signal values, there are 
reconstructed for each pixel three signal values, one for 
each of the three different colors. The reconstructed 
signal values are then used to reproduce the original 
image scene. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

The invention will be better understood from the 
following more detailed description taken in conjunc 
tion with the accompanying drawings. 
FIG. 1 is a pictorial flow chart illustrating the main 

steps of the basic interpolation process of the invention; 
FIG. 2 is a schematic block diagram of an illustrative 

embodiment of the invention; 
FIG. 3 shows in schematic block form a one 

dimensional median filter for use in the embodiment of 
FIG. 2; and 
FIG. 4 shows the masking pattern of a two-dimen- 30 

sional filter for use in the embodiment of FEG, 1. 

DETALED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1, there is shown in pictorial 35 
form a flow diagram of the process of interpolation in 
accordance with the present invention. 

In frame Fra, there is depicted a colored scene 
which can be viewed as made up of the superposition of 
three images, each limited to one of three ranges of 40 
wavelengths, for example, yellow, green and cyan. 
Typically, the colored scene light is passed through a 
repeating array of three separate vertical filters. The 
filtered scene light is then scanned by an electronic 
imaging sensor, for example, a charge-coupled device 45 
(CCD) of the frame or line transfer type. As will be 
readily understood, the colored filters may be integrally 
formed on the CCD. In the usual fashion, each pixel of 
the imaging sensor receives only one of the three colors, 
and in each triplet of three horizontally contiguous 50 
pixels, each pixel receives a different color. This is de 
picted in frame FrB, which shows the scene viewed by 
successive pixels of a CCD sensor, each in only one of 
the three colors. In frame FrC, there is shown the image 
scene as divided into, three separate scenes, one in each 
channel of a color C, G and Y, with intensity values 
provided at only every third pixel for each scene, or one 
pixel of each triplet. An intensity value at the other two 
pixels of a triplet for such color is obtained by a first 
interpolation. Since this first interpolation is not critical, 
a simple interpolation is possible. For example, it is 
adequate merely to use the value measured for a given 
color at one pixel of a triplet for a value of that color for 
the two other pixels of the triplet. As a result, the three 
yellow values for the three pixels of a triplet are the 
same, the three green values are the same, and the three 
cyan values are the same. This is represented in Frame 
Fr). 
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4. 
The signals in each color channel are then amplified, 

the relative gains of the three channels being such that 
a neutral grey light input elicits the same response from 
all three channels. 
There are then performed color signal subtractions 

by a subtractor 11 to derive color signal difference 
values, Y-G and C-G. The amplitude of the signal in the 
G channel is subtracted from that of the Y channel and 
the C channel, respectively. The result of this subtrac 
tion is represented schematically in the top two chan 
nels of frame Fre. The third and bottom channel re 
mains the same as frame Frb. 

In the foregoing respects, the process of the present 
invention resembles that described in my aforemen 
tioned patent for three color imaging, except it will be 
readily understood that only two color subtractions are 
made for a three color system in comparison with the 
three color subtractions required by my aforementioned 
patent. 

In the apparatus of my prior patent, the resulting 
three outputs of the subtractors were then each sub 
jected to a one-dimensional horizontal linear median 
filter which was five elements or samples wide and 
which used all five samples. As is discussed in the pa 
tent, this step is important to reduce color fringing arti 
facts that otherwise are present. 
However, in practice it was found that while this 

horizontal linear filter using five samples made for a 
discernible reduction in artifacts, it also required fairly 
complex circuitry to implement. It has been found in 
accordance with the method and apparatus of this in 
vention that at least as good a result can be obtained 
with considerable simplification in circuitry if there is 
used for one-dimensional median filtering simply a three 
term median filter in which the three terms comprise 
the sample involved plus the two samples three pixels 
away from it on either side in the same horizontal line. 
Moreover, still further improvement can be obtained if 
there is employed a two-dimensional area median filter 
which uses the median of nine samples spaced apart 
over an area encompassing thirty five possible samples. 
The two filtered-difference sets of signal values are 

combined at 13 with the original set of signal values as 
depicted by Fram Frf to reconstitute three color signal 
values for each pixel. These values are then combined at 
15 to produce the original image with the three additive 
primary colors, red, green and blue in the usual fashion, 
as depicted by the frame Frg. 

Referring now to FIG. 2, there is shown in block 
schematic form apparatus 100 in accordance with the 
present invention. First, there is derived from an image 
sensor 10, typically a CCD, a signal in serial form in 
which successive samples represent the values of charge 
collected at successive pixels of the sensor, where each 
pixel is excited by only one of the three color compo 
nents since the illumination on each pixel first passes 
through a vertical line filter (not shown) that transmits 
only one of such colors as previously discussed. Prefer 
ably, there is an array of such filters in repeating sets of 
three, transmitting cyan, green and yellow components, 
respectively. These are preferably arranged so that sets 
or triplets of three successive pixels will experience 
respective ones of the three filters, as is conventional in 
color imaging systems. This measured signal value on 
each pixel is then supplied to respective ones of three 
separate sample and hold circuits 12, 14 and 16, each of 
which is designed to store the measured value at a dif 
ferent one of each pixel of a triplet. These correspond, 
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respectively, to channels for the yellow-excited pixels, 
the green-excited pixels, and the cyan-excited pixels. 
Each sample and hold circuit holds such sample for the 
scanning time interval of the next two succeeding pixels 
to permit processing with such sample until it receives a 
new sample from a pixel excited in its characteristic 
color. Circuits for accomplishing this sample and hold 
function as well known in the art. 
By holding each sample for the next two succeeding 

pixel intervais, there is essentially replicated the signal 
value for the one pixel which provided the original 
measured signal value as well as the two succeeding 
pixels which were initially free of signal values for that 
color. This serves the function of the linear interpola 
tion described in the aforementioned patent. Alterna 
tively, linear interpolation as described in my prior 
patent may be substituted for such replication interpola 
tion. 
The outputs of each of these sample and hold circuits 

12, 14 and 16 are passed, respectively, to amplifiers 18, 
20 and 22 where each is amplified. The gain of the 
different amplifiers is adjusted, as previously discussed, 
so that a neutral color, e.g., white, after conversion by 
the camera to three signal samples of different colors 
will produce signals of equal amplitude at each of the 
three amplifier outputs. Typically, this may involve a 
greater gain for the amplifier of the green channel than 
the others because of the greater losses in green to filter 
1ng. 

Thereafter, the outputs of amplifiers 18 and 20 are 
supplied to a subtractor network 24 for deriving the 
difference signal value Y-G, and the outputs of amplifi 
ers 20 and 22 are supplied to subtractor network 26 for 
deriving the difference signal value C-G, where C, G 
and Y are the signal values in the C, G and Y channels, 
respectively. The subtractive networks may simply be 
differential amplifiers with inverting and non-inverting 
inputs. 
The difference signals available at the outputs of 

subtractors 24 and 26 are preferably passed through low 
pass filters 28 and 30, respectively, for some blurring of 
the signals. 
The two separate difference signals are then supplied 

to the median filters 32 and 34, respectively, which in 
accordance with the present embodiment are preferably 
one-dimensional median filters seven samples wide that 
use only three samples. In such a filter, there is exam 
ined the signal values for the first, fourth and seventh 
pixels of a line of seven pixels and the median of the 
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three values is chosen as the value for the fourth pixel of 50 
the line. 

Referring now to FIG. 3, there is shown a circuit 200 
in accordance with the present invention which acts as 
a one-dimensional median filter. It comprises a delay 
line 51, one end 52a of which is supplied with the signal 
to be filtered, and the other end 52b of which is termi 
nated in its characteristic impedance Zoto be reflection 
less. Numerals 1-7 are included to indicate schemati 
cally seven signals along delay line 51. Taps 53, 54 and 
55 indicate the tapping of the signals from the first, 
fourth and seventh pixels. The signals available at each 
of these taps at a given time are supplied to the three 
inputs 57, 58 and 59, respectively, of an analog sorting 
network 60, designed to provide at its output at a prede 
termined time, the value of the signal that is the median 
of the three values of signals applied to its three inputs. 
Various circuits may be readily designed for this func 
tion. An example of such a circuit is described at pages 
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6 
72-74 of Electronic Design 2, Jan. 18, 1973 in an article 
entitled, "Analog Sorting Network Ranks Inputs by 
Amplitude and Allows Selection." 

Referring again to FIG. 2, after such median filtering, 
the two filtered signals are preferably supplied, respec 
tively, to low pass filters 36 and 38. The outputs of the 
low pass filters 36 and 38 are designated as processed 
signals. 
These processed signals, Y-G and C-G, in turn, are 

supplied to a reconstructing network 40 which uses the 
two processed signals and the original signal provided 
by the CCD 10, appropriately delayed by a delay ele 
ment 46, to derive for each pixel a signal value at each 
of the three colors. The network 40 comprises a plural 
ity of discrete adders and subtractors to which appro 
priate combinations of the two processed difference 
signals and the original signals are applied to derive the 
desired color signal value. In particular, there is derived 
from the reconstructing network 40 three separate color 
outputs, as shown at output terminals Y, G and C. 
The network 40 comprises three gate circuits shown 

generally at 50, 52 and 54. Each of the gate circuits 50, 
52 and 54 is selectively enabled at different times by a 
timing signal control 48 to gate three respective yellow, 
green and cyan image information signals between the 
correspondingly designated terminals. The timing con 
trol signal from circuit 48 controls the gate circuits 50, 
52 and 54 so as to enable: gate circuit 50 when color 
information signals are output from the delay 46 for 
pixels filtered to receive green image scene light; gate 
circuit 52 when color information signals are output 
from the delay 46 for pixels filtered to receive cyan 
image scene light; and, gate circuit 54 when color infor 
mation signals are output from the delay 46 for pixels 
filtered to receive yellow image scene light. 

Thus, each green pixel image value from the CCD 10 
is appropriately delayed by the delay 46 and subse 
quently transmitted by the gate 50 which is enabled in 
the aforementioned manner by the time signal control 
48 to provide a green image information signal at output 
terminal Gout. At the same time, the processed Y-G 
signal is added by an adder 56 to the green (G) pixel 
image signal received from the CCD 10 by way of the 
delay 46 to provide a yellow (YG) signal value that is 
subsequently transmitted through the enabled gate cir 
cuit 50 to provide a yellow image information signal at 
the output terminal Yout simultaneously with the afore 
mentioned green information signal provided at output 
terminal Gout. Also at the same time, the processed C-G 
signal is added by an adder 58 to the same green (G) 
pixel image signal received from the CCD 10 by way of 
the delay 46 to provide a cyan (CG) signal value that is 
subsequently transmitted through the enabled gate cir 
cuit 50 to provide a cyan image information signal at the 
output terminal Cout simultaneously with the aforemen 
tioned yellow and green information signals provided at 
output terminals Yout and Gout, respectively. Thus, in 
this manner after the delay 46 transmits green color 
sample values, the reconstructing network 40 provides 
green image information signals corresponding to the 
green color sample values sensed by the CCD 10 and 
yellow and cyan image information signals interpolated 
in the aforementioned manner of this invention for the 
same pixels. 

In like manner each cyan pixel image value from the 
CCD 10 is appropriately delayed by the delay 46 and 
subsequently transmitted by the gate 52 which is en 
abled in the aforementioned manner by the time signal 
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control 48 to provide a cyan image information signal at 
output terminal Cout. At the same time, the processed 
C-G signal is subtracted by a subtractor 60 from the 
processed Y-G signal to provide a Y-C signal. An adder 
62 subsequently adds the cyan (C) pixel image signal 
received from the CCD 10 by way of the delay 46 to the 
processed Y-C signal to provide a yellow (YC) signal 
value that is subsequently transmitted through the en 
abled gate circuit 52 to provide a yellow image informa 
tion signal at the output terminal Yout simultaneously 
with the aforementioned cyan information signal at 
output terminal Cour. Also at the same time, the same 
cyan (C) pixel image signal received from the CCD 10 
by way of the delay 46 is subtracted by a subtractor 64 
from the processed C-G signal to provide a green (GC) 
signal value that is subsequently transmitted through 
the enabled gate circuit 52 to provide a green image 
information signal at the output terminal Gout simulta 
neously with the aforementioned cyan and yellow infor 
mation signals provided at output terminals Cout and 
Yout, respectively. Thus, in this manner after the delay 
46 transmits cyan color sample values, the reconstruct 
ing network 40 provides cyan image information signals 
corresponding to the cyan color sample values sensed 
by the CCD 10 and yellow and green image information 
signals interpolated in the aforementioned manner of 
this invention for the same pixels. 
Each yellow pixel image value from the CCD 10 is 

also appropriately delayed by the delay line 46 and 
subsequently transmitted by the gate 54 which is en 
abled in the aforementioned manner by the time signal 
control 48 to provide a yellow image information signal 
at output terminal Yout. At the same time, a subtractor 
66 operates to subtract the yellow (Y) pixel image signal 
received from the CCD 10 by way of the delay 46 from 
the processed Y-G signal to provide a green (Gy) signal 
value that is subsequently transmitted through the en 
abled gate 54 to provide a green image information 
signal at the output terminal Gout simultaneously with 
the aforementioned yellow information signal at output 
terminal Yout. Also at the same time, a subtractor 68 
operates to subtract the same yellow (Y) pixel image 
signal received from the CCD 10 by way of the delay 46 
from the signal Y-C output from the subtractor 60 to 
provide a cyan (CY) signal value that is subsequently 
transmitted through the enabled gate circuit 54 to pro 
vide a cyan image information signal at the output ter 
minal Cout simultaneously with the aforementioned yel 
low and green information signals provided at output 
terminals Yout and Gout, respectively. Thus, in this man 
ner after the delay 46 transmits yellow color sample 
values, the reconstructing network provides yellow 
image information signals corresponding to the yellow 
color sample values sensed by the CCD 10 and green 
and cyan image information signals interpolated in the 
aforementioned manner of this invention for the same 
pixels. 

In this manner for each pixel of the CCD 10 in which 
one of three different color values is sensed, there are 
provided interpolated values for the other two colors 
using only two median filters representing a substantial 
simplification in comparison with the median filter in 
terpolation arrangement of my aforementioned patent 
in which three median filters were required for a three 
color system. 

It should be appreciated that modifications in the 
processing algorithm used can be made without depart 
ing from the spirit of the invention. In particular, the 
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8 
complement of either or both difference signals de 
scribed can be used instead, as well as other colored 
filters such as primary red, green and blue colored fil 
ters. 

In some instances, the one-dimensional median filter 
will not completely remove the artifacts. If this is of 
concern, a two-dimensional median filter can be substi 
tuted. In this instance, too, the form of the filter can be 
considerably simplified by following the principles set 
forth for the one-dimensional filter described. Again, 
the spatial extent is significant, and it is advantageous to 
provide an increase in the spatial extent, while omitting 
closer pixels to simplify the number of terms. 

Referring now to FIG. 4, there is depicted a seven by 
five rectangular array 70 of thirty-five pixels of which 
the nine values which are to be used in the two-dimen 
sional median filter of the invention are denoted by P's. 
The pixel 71 whose value is to be replaced with the 
median value of the nine pixels is shown at the center of 
the array. As seen, the eight other pixels include the two 
on the same horizontal line three pixels away on either 
side, two on the same vertical line, two pixels away on 
either side, and four pixels on adjacent lines, each two 
pixels away on the horizontal and one pixel away on the 
vertical. It will be well understood that the invention is 
not limited to the specific spacing arrangement de 
scribed for the pixels used in the median filter operation 
and that other specific arrangements are well within the 
scope of the invention. 

In this situation, the sorting of the median value is 
done in a well-known manner typically either by a spe 
cial purpose microprocessor or a digital signal proces 
sor appropriately programmed. 
While the invention has been described for apparatus 

which uses three ranges of Wavelength, or primary 
colors, for the imaging and reproduction, the principles 
should be applicable to apparatus which uses more than 
three colors. 
Moreover, while the invention has been described 

primarily with reference to processing analog signals, it 
should also be amenable to use of digital signals if the 
analog signals derived are first converted to digital for 
processing and reconverted to analog for reproduction 
of the image scene. 
Other embodiments of the invention including addi 

tions, subtractions, deletions and other modifications of 
the preferred disclosed embodiment of the invention 
will be obvious to those skilled in the art and are within 
the scope of the following claims. 
What is claimed is: 
1. An electronic imaging apparatus comprising: 
an image sensing array comprising a predetermined 
number of discrete image sensing elements each 
responsive to incident illumination from a subject 
to provide an electronic information signal corre 
sponding to the intensity of the illumination inci 
dent thereto; 

means for filtering the illumination incident to said 
image sensing array so that at least a first group of 
said image sensing elements receives illumination 
within a first select range of wavelengths, a second 
select group of said image sensing elements re 
ceives illumination within a second select range of 
wavelengths different from said first select range, 
and a third select group of said image sensing ele 
ments receives illumination within a third select 
range of wavelengths different from said first and 
second select ranges; 
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means for interpolating the electronic information 

signals from said first group of image sensing ele 
ments for providing a first set of electronic infor 
mation signals corresponding to the intensity of 
illumination within said first range of wavelengths 5 
for said first, second, and third groups of image 
sensing elements, for interpolating the electronic 
information signals from said second group of 
image sensing elements for providing a second set 
of electronic information signals corresponding to 10 
the intensity of illumination within said second 
range of wavelengths for said first, second and 
third groups of image sensing elements, and for 
interpolating the electronic information signals 
from said third group of image sensing elements for 15 
providing a third set of electronic information sig 
nals corresponding to the intensity of illumination 
within said third range of wavelengths for said 
first, second, and third groups of image sensing 
elements, 20 

means for combining said first and second sets of 
electronic information signals to provide a first 
combined electronic information signal and median 
filtering said first combined electronic information 
signal to provide a first processed electronic infor- 25 
mation signal and for combining said second and 
third sets of electronic information signals to pro 
vide a second combined electronic information 
signal and median filtering said second combined 
electronic information signal to provide a second 30 
processed electronic information signal; and 

means for combining said first and second processed 
electronic information signals for each image sens 
ing element in said first group of image sensing 
elements with the electronic information signal 35 
originally sensed for that same image sensing ele 
ment in said first group to provide first output 
electronic information signals corresponding, re 
spectively, to the intensity of incident illumination 
within both said second and third range of wave- 40 
lengths for each of said first group of image sensing 
elements, combining said first and second pro 
cessed electronic information signals for each 
image sensing element in said second group of 
image sensing elements with the electronic infor-45 
mation signal originally sensed for that same image 
sensing element in said second group to provide 
second output electronic information signals corre 
sponding, respectively, to the intensity of incident 
illumination with both said first and third ranges of 50 
wavelengths, and for combining said first and sec 
ond processed electronic information signals for 
each image sensing element in said third group of 
image sensing elements with the electronic infor 
mation signal originally sensed for that same image 55 
sensing element in said third group to provide third 
output electronic information signals correspond 
ing, respectively, to the intensity of incident illumi 
nation within both said first and second ranges of 
wavelengths for each of said third group of image 60 
sensing elements. 

2. The apparatus of claim 1 including a first gate 
circuit connected to receive electronic information 
signals originally sensed by said first group of image 
sensing elements as well as said first output electronic 65 
information signals corresponding, respectively, to the 
intensity of incident illumination within said second and 
third range of wavelengths for each of said first group 

10 
of image sensing elements, a second gate circuit con 
nected to receive electronic information signals origi 
nally sensed by said second group of image sensing 
elements as well as said second output electronic infor 
mation signals corresponding, respectively, to the inten 
sity of incident illumination within said first and third 
ranges of wavelengths for each of said second group of 
image sensing elements, and a third gate circuit con 
nected to receive electronic information signals origi 
nally sensed by said third group of image sensing ele 
ments as well as said third output electronic information 
signals corresponding, respectively, to the intensity of 
incident illumination within said first and second ranges 
of wavelengths for each of said third group of image 
sensing elements, said gate circuits each being selec 
tively enableable to transmit therethrough each of the 
signals received thereby; and 

timing control means for providing a timing control 
signal to selectively enable said gate circuits, one at 
a time, in correspondence with the receipt by that 
one of said gate circuits to be enabled of its origi 
nally sensed electronic information signal. 

3. The apparatus of claim 2 wherein said means for 
combining said first and second processed information 
signals comprises a plurality of adders and subtractors, 
a first subtractor of which is connected to provide an 
output signal corresponding to the difference between 
said first and second processed electronic information 
signals. 

4. The apparatus of claim 3 wherein said adders and 
subtractors of said combining means further comprise a 
first adder for providing one of the signals received by 
said first gate circuit corresponding to the sum of said 
first processed electronic information signal and the 
electronic information signal originally sensed by said 
first group of image sensing elements, a second adder 
for providing another of the signals received by said 
first gate circuit corresponding to the sum of said sec 
ond processed electronic information signal and the 
electronic information signal originally sensed by said 
first group of image sensing elements, a third adder for 
providing one of the signals received by said second 
gate circuit corresponding to the sum of said output 
signal from said first subtractor and the electronic infor 
mation signal originally sensed by said second group of 
image sensing elements, a second subtractor for provid 
ing another one of the signals received by said second 
gate circuit corresponding to the different between said 
second processed electronic information signal and the 
electronic information signal originally sensed by said 
second group of image sensing elements, a third sub 
tractor for providing one of the signals received by said 
third gate circuit corresponding to the different be 
tween said first processed electronic information signal 
and the electronic information signal originally sensed 
by said third group of image sensing elements, and a 
fourth subtractor for providing another one of the sig 
nals received by said third gate circuit corresponding to 
the difference between said output signal from said first 
subtractor and the electronic information signal origi 
nally sensed by said third group of image sensing ele 
ments. 

5. The apparatus of claim 1 wherein said means for 
median filtering comprises means for selecting the me 
dian combined electronic.information signal for each 
image sensing element from a select plurality of com 
bined electronic information signals each correspond 
ing, respectively, to one of a plurality of select image 
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sensing elements, said select image sensing elements 
being spaced apart with respect to each other by other 
non-select image sensing elements. 

6. The apparatus of claim 5 wherein said select image 
sensing elements are linearly arranged with respect to 
each other and comprise first, fourth and seventh image 
sensing elements in a line of seven consecutively spaced 
image sensing elements. 

7. The apparatus of claim 5 wherein said select image 
sensing elements are part of a two-dimensional array 
comprising five rows of seven image sensing elements in 
each row wherein said select image sensing elements 
comprise the fourth image sensing element of said first 
and fifth rows, the second and sixth image sensing ele 
ments of said second and fourth rows, respectively, and 
the first, fourth and seventh image sensing elements of 
said third row. 

8. The apparatus of claim 1 including means for low 
pass filtering said first and second combined electronic 
information signals prior to median filtering and imme 
diately subsequent to median filtering. 

9. In an electronic imaging apparatus of the type 
comprising an image sensing array including a predeter 
mined number of discrete image sensing elements each 
responsive to incident illumination from a subject to 
provide an electronic information signal corresponding 
to the intensity of the illumination incident thereto; 
means for filtering the illumination incident to said 
image sensing array so that at least a first group of said 
image sensing elements receives illumination within a 
first select range of wavelengths and a second select 
group of said image sensing elements receives illumina 
tion within a second select range of wavelengths differ 
ent from said first select range; means for interpolating 
the electronic information signals from said first group 
of image sensing elements for providing a first set of 
electronic information signals corresponding to the 
intensity of illumination within said first range of wave 
lengths for said first and second groups and for interpo 
lating the electronic information signals from said sec 
ond group of image sensing elements for providing a 
second set of electronic information signals correspond 
ing to the intensity of illumination within said second 
range of wavelengths for said first and second groups of 
image sensing elements, means for combining said first 
and second sets of electronic information signals to 
provide a combined electronic information signal and 
thereafter median filtering said combined electronic 
information signal to provide a processed electronic 
information signal for each image sensing element, and 
means for combining the processed electronic informa 
tion signal for each image sensing element in said first 
group of image sensing elements with the electronic 
information originally sensed for that same image sens 
ing element in said first group to provide an output 
electronic information signal corresponding to the in 
tensity of incident illumination within said second range 
of wavelengths for each of said first group of image 
sensing elements, and for combining said processed 
electronic information signal for each image sensing 
element in said second group of image sensing elements 
with the electronic information signal originally sensed 
for that same image sensing element in said second 
group to provide another output electronic information 
signal corresponding to the intensity of incident illumi 
nation within said first range of wavelengths for each of 
said second group of image sensing elements, the im 
provement characterized by: 
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12 
said means for median filtering including means for 

selecting the median combined electronic informa 
tion signal for each image sensing element from a 
select plurality of combined electronic information 
signals each corresponding, respectively, to one of 
a plurality of select image sensing elements, said 
select image sensing elements being spaced apart 
with respect to each other by other non-select 
image sensing elements. 

10. The apparatus of claim 9 wherein said select 
image sensing elements are linearly arranged with re 
spect to each other and comprise first, fourth and sev 
enth image sensing elements in a line of seven consecu 
tively spaced image sensing elements. 

11. The apparatus of claim 9 wherein said select 
image sensing elements are part of a two-dimensional 
array comprising five rows of seven image sensing ele 
ments in each row wherein said select image sensing 
elements comprise the fourth image sensing element of 
said first and fifth rows, the second and sixth image 
sensing elements of said second and fourth rows, respec 
tively, and the first, fourth, and seventh image sensing 
elements of said third row. 

12. A method of sensing a subject and providing an 
output from which a visible image of the subject may be 
constructed comprising the steps of: 

sensing light from the subject with an image sensing 
array comprising a predetermined number of dis 
crete image sensing elements each of which re 
sponds to incident illumination from the subject to 
provide an output corresponding to the intensity of 
the illumination incident thereto; 

filtering the illumination incident to the image sensing 
array so that at least a first group of image sensing 
elements receives illumination within a first select 
range of wavelengths, a second group of image 
sensing elements receives illumination within a 
second select range of wavelengths and a third 
group of image sensing elements receives illumina 
tion within a third select range of wavelengths; 

interpolating the outputs from the first group of 
image sensing elements to provide a first set of 
outputs corresponding to the intensity of illumina 
tion within the first range of wavelengths for said 
first, second, and third groups of image sensing 
elements; 

interpolating the outputs from the second group of 
image sensing elements to provide a second set of 
outputs corresponding to the intensity of illumina 
tion within the second range of wavelengths for 
said first, second, and third groups of image sensing 
elements; 

interpolating the outputs from the third group of 
image sensing elements to provide a third set of 
outputs corresponding to the intensity of illumina 
tion within the third range of wavelengths for said 
first, second, and third groups of image sensing 
elements; 

combining said first and second sets of outputs to 
provide a first combined output; 

median filtering said first combined output to provide 
a first processed output corresponding to the me 
dian value of said first combined output; 

combining said second and third sets of outputs to 
provide a second combined output; 

median filtering said second combined output to pro 
vide a second processed output corresponding to 
the median value of said second combined output; 
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combining said first and second processed outputs for 
each image sensing element in said first group of 
image sensing elements with the output originally 
sensed for that same image sensing element in said 
first group to provide first output electronic infor 
mation signals corresponding, respectively, to the 
intensity of illumination within both said second 
and third ranges of wavelengths for each of said 
first groups of image sensing elements; 

combining said first and second processed outputs for 
each image sensing element in said second group of 
image sensing elements with the output originally 
sensed for that same image sensing element in said 
second group to provide second output electronic 
information signals corresponding, respectively, to 
the intensity of illumination within both said first 
and third ranges of wavelengths; and 

combining said first and second processed outputs for 
each image sensing element in said third group of 
image sensing elements with the output originally 
sensed for that same image sensing element in said 
third group to provide third output electronic in 
formation signals corresponding, respectively, to 
the intensity of illumination within both said first 
and second ranges of wavelengths. 

13. The method of claim 12 further comprising the 
steps of: 

gating through the output originally sensed by said 
first group of image sensing elements and said first 
output electronic information signals in correspon 
dence with receipt of the output originally sensed 
by said first group of image sensing elements; 

gating through the output originally sensed by said 
second group of image sensing elements and said 
second output electronic information signal in cor 
respondence with receipt of the output originally 
sensed by said second group of image sensing ele 
ments; and 

gating through the output originally sensed by said 
third group of image sensing elements and said 
third output electronic information signal in corre 
spondence with receipt of the output originally 
sensed by said third group of image sensing ele 
ments. 

14. The method of claim 13 wherein said step of com 
bining said first and second processed outputs with the 
output originally sensed for that same image sensing 
element in said first group comprises the steps of: add 
ing said first processed output and the output originally 
sensed by said first group of image sensing elements to 
provide said first output electronic information signal 
corresponding to the intensity of illumination within 
said second range of wavelengths; adding said second 
processed output and the output originally sensed for 
said first group of image sensing elements to provide 
said first output electronic information signal corre 
sponding to the intensity of illumination within said 
third range of wavelengths; providing a difference out 
put corresponding to the difference between said first 
and second processed outputs; adding said difference 
output and the output originally sensed by said second 
group of image sensing elements to provide said second 
output electronic information signal corresponding to 
the intensity of illumination within said first range of 
wavelengths; taking the difference between said second 
processed output and the output originally sensed by 
said second group of image sensing elements to provide 
said second output electronic information signal corre 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

14 
sponding to the intensity of illumination within said 
third range of wavelengths, taking the difference be 
tween said first processed output and the output origi 
nally sensed by said third group of image sensing ele 
ments to provide said third output electronic informa 
tion signal corresponding to the intensity of illumination 
within said first range of wavelengths; and taking the 
difference between said difference output and the out 
put originally sensed by said third group of image sens 
ing elements to provide said third output electronic 
information signal corresponding to the intensity of 
illumination within said second range of wavelengths. 

15. The method of claim 12 wherein each of said steps 
for median filtering comprises determining the median 
value for each image sensing element from a select 
plurality of combined outputs each corresponding, re 
spectively, to one of a plurality of select image sensing 
elements and selecting said select image sensing ele 
ments to be spaced apart with respect to each other by 
non-select image sensing elements. 

16. The method of claim 15 wherein said step of se 
lecting said select image sensing element comprises 
selecting first, fourth and seventh image sensing ele 
ments from a line of seven consecutively spaced image 
sensing elements. 

17. The method of claim 15 wherein said step of se 
lecting said select image sensing element comprises first 
designating a two-dimensional array having five rows 
with seven image sensing elements in each row and 
thereafter selecting the fourth image sensing element of 
said first and fifth rows, the second and sixth image 
sensing elements of said second and fourth rows, respec 
tively, and the first, fourth and seventh image sensing 
elements of said third row. 

18. The method of claim 1 including the step of low 
pass filtering said first and second combined outputs 
prior to median filtering and immediately subsequent to 
median filtering. 

19. A method of sensing a subject and providing an 
output from which a visible image of the subject may be 
constructed comprising the steps of: 

sensing light from the subject with an image sensing 
array comprising a predetermined number of dis 
crete image sensing elements each of which re 
sponds to incident illumination from the subject to 
provide an output corresponding to the intensity of 
the illumination incident thereto; 

filtering the illumination incident to the image sensing 
array so that at least a first group of said image 
sensing elements receives illumination within a first 
select range of wavelengths and a second select 
group of image sensing elements receives illumina 
tion within a second select range of wavelengths 
different from said first select range; 

interpolating the output from said first group of 
image sensing elements for providing a first set of 
outputs corresponding to the intensity of illumina 
tion within the first range of wavelengths for said 
first and second groups of image sensing elements; 

interpolating the output from said second group of 
image sensing elements for providing a second set 
of outputs corresponding to the intensity of illumi 
nation within the second range of wavelengths for 
said first and second groups of image sensing ele 
ments; 

combining said first and second sets of outputs to 
provide a first combined output; 



4,774,565 
15 

median filtering said first combined output by deter 
mining the median value for each image sensing 
element from a select plurality of combined outputs 
each corresponding, respectively, to one of a plu 
rality of select image sensing elements and select- 5 
ing said select image sensing elements to be spaced 
apart with respect to each other by non-select 
image sensing elements; 

combining the median filtered output for each image 
sensing element in said first group of image sensing 10 
elements with the output originally sensed for that 
same image sensing element in said first group to 
provide a first output electronic information signal 
corresponding, respectively, to the intensity of 
illumination within said second range of wave- 15 
lengths for each of said first group of image sensing 
elements; and 

combining the median filtered output for each image 
sensing element in said second group of image 
sensing elements with the output originally sensed 20 
for that same image sensing element in said second 
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group to provide a second output electronic infor 
nation signal corresponding, respectively, to the 
intensity of illumination within said first range of 
wavelengths for each of said second groups of 
image sensing elements. 

20. The method of claim 19 wherein said step of se 
lecting said select image sensing elements comprises 
selecting first, fourth and seventh image sensing ele 
ments from a line of seven consecutively spaced image 
sensing elements. 

21. The method of claim 19 wherein said step of se 
lecting said select image sensing elements comprises 
first designating a two-dimensional array having five 
rows with seven image sensing elements in each row 
and thereafter selecting the fourth image sensing ele 
ment of said first and fifth rows, the second and sixth 
image sensing elements of said second and fourth rows, 
respectively, and the first, fourth and seventh image 
sensing elements of said third row. 

is is 


